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Introduction

Modern work life
The growth of technology has affected our work over the past three decades and influences the way we communicate, interact, learn, and work. Information and communication technology (ICT) is defined as technology that provides access to information through telecommunications, such as the Internet, wireless networks, cell phones, and other communication media [1] . Although ICT improves productivity and communication possibilities at workplaces, it creates adaptation demands not only on the person and the tasks performed, but also in the physical and organisational context [2] . Work is no longer bound to a certain time or place, and this is expected to have negative consequences on workers' health. For example, intensive use of ICT requires more work time and work speed [3] , enhances multi-tasking, and causes disturbances to working routines and overexposure to information [4] , which may cause anxiety and frustration that potentially leads to burnout over time [5] .
Psychosocial reactions to ICT use can be divided into three interdependent categories: (a) cognitive: beliefs about and perceptions of technology; (b) affective: emotional responses; and (c) behavioural: the use of or withdrawal from the technology [5] . These three components potentially reduce the psychosocial consequences caused by ICT. The psychosocial consequences may result in anxiety disorders, frustration, job dissatisfaction, and low job performance, and may develop into burnout and mental health problems over longer periods of time [5, 6] . In a preliminary literature search, we found studies on psychosocial consequences related to ICT use addressing stress, burnout, anxiety and mental health problems. Although these mentioned psychosocial consequences differ in terms of characteristics and classifications, we have decided to pursue and include the terms in this study to be able to establish links between ICT use and mental health problems exemplified by different mental health disorders. Stress and ICT use.
Psychosocial consequences emerging from the use of ICT are often described as technostress, defined as one's discomposure, fear, tenseness, and anxiety when learning and using computer technology directly or indirectly, ultimately resulting in psychological and emotional problems [7, 8] . To further conceptualise creators of technostress, Tarafdar et al. [9] developed a theoretical framework consisting of five components:
• Techno-overload describes how ICT forces users to work faster and longer.
• Techno-invasion describes the invasive effect of ICT in terms of creating situations where users potentially can be reached anytime, thus enhancing the feeling for employees to be constantly connected.
• Techno-complexity describes situations where the complexity associated with ICT makes users feel inadequate in relation to their skills, and forces them to spend time and effort to learn various aspects of ICT.
• Techno-insecurity is associated with situations in which the users feel threatened about possible job loss as a result of a new ICT or better ICT-trained staff replacing them.
• Techno-uncertainty refers to contexts where continuous changes and upgrades in ICT unsettle users and creates uncertainty, which results in their having to constantly educate themselves.
Additionally, technostress inhibitors are considered such as technical support, literacy facilitators, and strengthening the engagement of employees to work with new technologies [10] . The concept of technostress is not yet fully explained [11] . ICT use forces employees to accomplish more tasks in less time, results in the elimination of manual jobs, and affects relationships with colleagues, leading to stress. Nevertheless, the benefits of ICT, including speed, replicability, responsiveness, and accuracy, which result in an efficacy in information storage, processing, and retrieval, need to be considered as well. Use of ICT changes our occupational environment with greater impact than expected [10] .
Burnout and ICT use
Job burnout is a negative occupational outcome that develops due to prolonged chronic stressors during the job [12, 13] . Therefore, burnout is important in the current discussion as ICT use might create chronic stress overload. Maslach et al. divided burnout into three dimensions: emotional exhaustion (the feeling of being "empty"), depersonalisation (negative cynical attitude towards the work or the recipients), and finally reduced professional efficacy (negative evaluation of achievement at work) [12, 14] . Technostress creators are likely to influence job outcomes and thereby burnout through negative or positive evaluations, depending on whether the ICT user evaluates the ICT use as a threat or as an opportunity [13] .
Anxiety and ICT use
Computer anxiety is explained as a negative emotional feeling while using a computer [15] . It is characterised by the following behavioural and cognitive symptoms: (1) Excessive caution with computers, (2) avoidance of computers, (3) negative remarks about computers, and (4) attempts to reduce the time using computers [16] . Computer anxiety is tightly connected to computer self-efficacy and computer expertise [16] . With regard to implementing recommendations for ICT use in occupational settings, it is necessary to consider computer anxiety, as it may counteract with the efficacy of teaching/learning if otherwise not considered.
Mental health and ICT use
Mental health describes emotional, psychological, and social well-being. It affects stress-coping strategies and it is related to how people relate to others, and makes choices [17] . A systematic review of studies on Internet use and mental health in the overall population suggests a positive correlation between Internet use and improved well-being in later life. The authors indicated that most studies did not find significant results, and the results were inconclusive [18] . Additionally, the studies had not investigated ICT used at work, but rather technology used for personal purposes in leisure times. Further research is missing to clarify underlying theories on how ICT use might affect mental health.
ICT and age
While it is well illustrated that there are psychosocial consequences related to ICT, it is less certain whether age influences these consequences. A study has concluded that there are age differences related to the ability to adapt to new technologies, although the results are not consistent [5, 19] . Other studies have found that older adults perceive ICT as more difficult to use [20, 21] , while Ragu-Nathan et al. [10] concluded that technostress was less prevalent in older workers, which is likely to be related to their generally improved stress management skills compared to younger age groups.
According to O'Driscoll et al. 2010 [5] , it is a popular belief that younger generations experience less ICTrelated anxiety. This belief is illustrated among work leaders who perceive older workers to be lacking enthusiasm towards ICT, and additionally they are found to be less productive and only "passing time" until retirement [22, 23] .
Research in understanding employment participation by older workers is highly prioritised in international research [24] . Demographic development, i.e. increasing life expectancies and lower birth rates, has a huge impact on welfare societies and there is a need to develop initiatives that sustain economic growth and social development. Such initiatives are for example delaying retirement and making sure that workplaces meet the needs of older workers. A recent review identified that there is a need for greater research investigating the increased use of ICT in work settings and its impact on retirement [24] . Due to the inconsistency of the given results regarding the relationship between ICT and age, and knowing that mental health is a huge predictor of early retirement [25] , we respond to this call by investigating the age-dependent effect in the associations between ICT and mental health/stress, burnout, and mental health problems.
To evaluate whether older workers experience more stress, burnout, anxiety, and mental health problems than younger ones, we have conducted a systematic review of the scientific literature available on the associations between ICT use, stress, burnout, anxiety, and mental health and the specific effect modification of age. The results will help provide an evidence-based foundation for the development of future interventions to prevent common mental disorders caused by the use of ICT and to enhance work participation of older workers.
Methods
A systematic review was conducted using the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [26] .
A two-stage search strategy was applied. In the first stage, bibliographic databases (PubMed, Web of Science, Psycinfo, and the Cochrane Library) were systematically searched by screening titles, abstracts, and topics, and applying keywords depending on the database. Search terms included information communication technology, computer, work, occupation, mental health, stress, technostress, burnout, depression, and anxiety. Various observational quantitative human studies addressing ICT use, stress, depression, and mental health in working populations (at work or at home office) were eligible for inclusion in the review. Studies were excluded if they focused on not working populations, were not written in English, and where the report was inadequate to thoroughly evaluate the methods and results. In addition, we chose to limit the review to more recent publications, including only studies published from the year 2000 until January 2016. Secondly, a snowballing technique was used, where references of references were pursued in order to further detect reports of studies not found in the database search. Studies were initially identified by title and abstract, and later included after full text evaluation. The latest search was conducted in January 2016.
The risk of bias in the studies included was assessed by the Newcastle-Ottawa scale [27, 28] . The risk of bias in cohort studies and interventional studies in relation to selection, comparability, and assessment of the exposure/outcome was assessed by nine items, using a star allocation scheme. Stars were allocated if a study was deemed to have a low risk of bias within each item according to the coding manual. For cross-sectional studies, the number of questions was diminished to five items, as questions about follow-up were deleted. A study was categorised as having a low risk of bias if a total of 8-9 stars (cohort and interventional study version) or 5 stars (cross-sectional version) were allocated. A medium risk of bias was categorised if 6-7 stars and 3-4 stars were allocated, respectively; a high risk of bias was given if the study was given 5 stars or less for cohort and intervention, and 2 stars or less if cross-sectional studies were considered. All activities with regard to article searches, excluding relevant studies, collecting relevant information from the article, and the risk of bias analysis were done and checked by two other individuals. Discrepancies were thoroughly discussed and a conclusion was suggested. It was not possible to perform a meta-analysis as the study designs, considered outcomes and exposures, varied tremendously between the studies.
Results
Cumulatively, 189 articles were identified and after exclusion, 29 cross-sectional studies, 4 cohort studies, and 2 intervention studies were retrieved. (see Figure 1 ).
Study methods, study origin, and study quality are presented in Table 1 for cross-sectional studies and in Table 2 for intervention and cohort studies. Studies were published from various countries worldwide, excluding African countries, with the majority of studies taking place in Europe. Most studies used office-working personnel in diverse private and public settings, and ICT use by nurses, caregivers, social workers, and teachers was also studied. Fifty per cent (n = 16) of the cross-sectional studies had a medium risk of bias and 50% had a high risk of bias. All follow-up design (cohort or intervention studies) was evaluated with a high risk of bias. The risk of bias analyses showed no association with publication year or study location.
ICT use was estimated differently by the publications used. Mostly, it was categorised as the percentage of working time using ICT (mostly only connected to computer), or counting the hours working with ICT. Only a few studies checked more specific ICT-related topics, such as Internet use [29] , email [30] , separate analysis for laptop and desktop use [31, 32] , smartphone use [33] , and ICT experience [34] .
With regard to the association between ICT use and stress (Table 3 ), 14 study results are presented of which 5 used technostress as the stress-related outcome [6, [35] [36] [37] [38] . Some used self-developed scores [30, 33, 39] , some did not describe the stress variable [31, 40] , and some used different, but already existing scores, like Cohen's perceived stress score [41, 42] and the Norwegian Carer stress score [43, 44] . Cross-sectional studies revealed a very clear positive association between ICT use and stress measured in different dimensions, like general stress scores [30, 31, 33, 39, 41] , stressors [45] , and technostress [6, [35] [36] [37] [38] . The two intervention studies analysed the same research question. The intervention study design allows a better causal interpretation as it contains a follow-up and makes it possible to measure the exposure (ICT use) before the outcome (stress). Both interventions present no connection between ICT use and stress [40, 43] . 
Discussion
ICT use in occupational settings is associated with stress in cross-sectional studies, but not in intervention studies.
Cross-sectional studies allow only to consider an undirected association between ICT use and stress. However, in intervention studies, a causation from ICT use to stress would be supported. Contrary to that, there is an association between ICT and burnout independently from the study design. The observed associations are mostly present in the middle-aged working population. Though no study searched for age as an effect modifier as the main research question, the results are surprisingly concordant. Even though different outcome measurements for stress or burnout and exposure to several forms of ICT use were considered, older employees were not shown to be experiencing more stress or burnout when using ICT. These findings contrast with studies on management attitudes, which support decreased enthusiasm and increased concern to use new technologies like ICT in older employees [22, 23] . Given the presented results, an effect modification of age on the association between ICT use and stress can be discussed. At a younger age (up to 35 years of age), there is only a small or no association between ICT use and stress. In the middle age group (between 35 and 45), there is a clear positive association between ICT use and stress and/or burnout, which disappears or reduces once again in the older age group. This model is supported by studies with younger employees (up to 45 years of age) where a positive trend was found [7, 8] . Studies looking at the whole range of working populations support our model as well, while not finding a linear association with age and technostress [33, 39] . The Finnish survey, already conducted in 2001, pointed out that the middle-aged group is the most vulnerable working population when looking at the association between ICT use and stress/ burnout [58] . Finally, one cross-sectional study considered age as a squared variable in the model (age + age²), which also fits with our suggested model. However, none of the presented studies aimed to look at the age effect, and therefore our suggestions need to be regarded with caution and further research is necessary. Table 4 presents results with regard to exhaustion, burnout, and depression. Most publications (5 out of 9) are based on the Maslach Burnout inventory (MBI) [46] . The intervention study [40] showed an association of ICT-related overload with exhaustion and a five-day intervention with exhaustion. From the eight listed cross-sectional studies, five show a clear positive association [30, [47] [48] [49] , but three of them did not find a significant association [13, 50, 51] .
Results for computer anxiety and mental health are shown in supplementary Table I . For computer anxiety, the methods used to estimate it are various and differ tremendously. Comparing the results from all studies, no clear result was found. Either no association [16, 52] or a positive association [46, 53, 54] was found. With regard to mental health, the results are even more diverse and also all the studies used different scoring methods to measure mental health. One cohort study [55] and two cross-sectional studies [46, 56] revealed a negative effect of the pattern of computer use on cognitive complaints, mental health and the need for recovery; one intervention study [43] and one cross-sectional study [32] showed no association. Finally, an Australian survey showed that use of ICT was associated with better mental health [57] .
Age as an effect modifier was not considered as a main research question in any stress-related study. Three studies [32, 39, 58] did not find any linear relationship between stress and age in this occupational ICT context. The Finnish survey mentioned that middle-aged employees were most stressed about the changes in their task [58] . Finally, a cross-sectional study in the USA directly considered no linear effect of age (age + age²), which revealed significant results [59] . Two Chinese cross-sectional studies [7, 8] found a positive association between technostress and age, but they only observed young employees up to 45 years of age. The same finding, but with a wider age range for elderly (defined as older than 35 years of age), was illustrated in the last Chinese cross-sectional study [36] . A Norwegian survey [37] found a positive association with age and technostress, whereas a Spanish survey found a negative association [10] (Table 5) . recent studies the effect of stress on ICT use is discussed as well [37, 38, 41] . Advantages of cross-sectional studies are the fast data collection procedure, cheap costs, and it allows the estimation of prevalence's. Most often mentioned disadvantage of cross-sectional studies is the missing timeline and therefore causality cannot be discussed. Another systematic review of 18 cross-sectional studies looking at the association between Internet use and mental health and stress found some positive and some negative associations between Internet use and stress [18] . An explanation for this inconclusive result might be that the potential effect between ICT use and stress differs between occupational and private settings. In the private setting, one can independently decide one's use of ICT, and so positive aspects of ICT use will be more present. In the occupational setting, personnel commonly do not have a choice regarding their ICT use, or whether they can enjoy using it for leisure purposes, and therefore such factors might increase the negative aspects inducing stress and mental health problems. The association between ICT use and stress seemed to be present, as most studies in occupational settings showed a positive association. However, the evidence of the results that were found is poor, as only cross-sectional studies found an association between ICT use and stress, but not intervention studies. Comparing scientific evidence between these two study designs, the intervention study is evaluated far better. Due to time-dependent collection of the outcome before and after the interventions, intervention studies can directly support causality between the intervention and the outcome of interest. Further research is necessary and in particular, cohort studies and further intervention studies are missing.
Up until now, there has been no literature available discussing the age effect on the association between ICT use and stress/burnout. Possibilities include that the family structure, such as small children at home, may complicate the work-life balance. Furthermore, concerns about one's own job and career are additional stressors that mediate together with ICT stress or burnout, particularly in middle-aged employees. Another potential mediator of the decreased ICT-related stress or burnout in elder workers might be the duration of work experience with ICT. The association not being found in elder employees can be explained by their life experiences, which might help them cope with ICT-related stress. Furthermore, it is well established that management structure and work environment are important mediators in the associations between ICT use and stress [45, [59] [60] [61] . Future research is necessary to find plausible explanations to solidify this hypothesis, as well as to clarify reasons for the discrepancy in management attitudes towards older ICT users and their own stress and burnout perception during use.
As summarised above, ICT use in occupational settings is evidently associated with increased stress in cross-sectional studies, but not in the intervention studies. Additionally, cross-sectional studies only make it possible to estimate the association between the two variables of interest, but it is not known which is exposure (having the effect on, independent variable) and which is outcome (being affected, dependent variable). Therefore, a clear definition of exposure and outcome cannot be made. Both directions are discussed in the presented cross-sectional article. Some studies discussed that ICT work may lead to stress [6, 30, 31, 35, 36, 39] , but in more Table 4 . association between Ict use and burnout, depression, and exhaustion from cross-sectional studies and one intervention study [40] , marked in italics. Table 5 . age effect of Ict use on stress and mental health from cross-sectional studies and one cohort study [34] Youngest sample had highest computer anxiety scores. In the older group (advanced manager), anxiety and age are positively correlated, in the other groups they are negatively correlated computer anxiety, an explanation of these unclear associations might be derived from the several effect-modifying variables, which predict anxiety and might lead to varying results in different populations. The following effect modifiers were named: ICT use attitude [53] , computer self-efficacy [16] , gender, age, education, training, and decision authority in the leadership [60] . Results with regard to ICT use and mental health are inconclusive, as the same number of studies show positive, negative, and no association. Further research is necessary to clarify potential underlying mechanisms and the optimal way to measure mental health in an occupational setting. An important limitation of this review is the missing homogeneity between the studies considered: different methods were used, different definitions of ICT use were applied, and different measurement scales for the outcome were presented. However, our deciding to present the collected information as a more specific presentation is not possible, due to the missing homogeneity in the presented research. This inhomogene exposure and outcome assessments limits the presentation and discussion of the results but it is still necessary and accepted by the Prisma guideline [26] to publish the results. It is important to sum up existing knowledge, diverse existing exposures and outcome definitions carefully to enable further research taking into account previous research limitations.
Another limitation is that we only include peer-reviewed articles in English, leaving some regional and more specific reports and studies in other languages unassessed. A further limitation can be seen in the risk of bias analysis, as it revealed poor results, particularly in cohort and intervention studies. This is mostly explained by missing representativeness, missing description of the ascertainment of exposure, and missing information about disease status at the beginning of the cohort/ intervention. Even though methodological quality is better in cross-sectional studies, there are still no studies with a low risk of bias. The high risk of bias score in cross-sectional studies is mostly based on self-reported assessment of exposure and outcome. However, excluding at least the studies with a high risk of bias does not change the results. A further limitation is that most studies were collected in several sectors and did not allow for separate views on specific occupations or specific ICT tasks. Finally, technology changes rapidly and normal technological procedures used today will already be old-fashioned tomorrow. Although the fastpaced changes regarding ICT use in occupational settings greatly affect the occupational environment, our review can only display the impact of studies from today. Nevertheless, it allows for the identification and prioritisation of research directions, which are crucial for evolving towards a solid knowledge base on the association between ICT use and mental health.
Concepts of technostress do not consider stress-reducing aspects of ICT use. Use of ICT might reduce stress by opening new possibilities to structure work, such as a home office, or options for Internet searches and other opportunities. It can be suggested that home office spaces might decrease stress in middle-aged workers, as they make it possible to take care of children and might help facilitate the work-life balance [62] . There are also some personal traits (e.g. conscientiousness, openness, and agreeableness) [13] that allow some individuals to be online day and night without experiencing mental health problems, whereas others cannot tolerate such a habit. It is important to understand both the benefits and the challenges regarding use of ICT in workplaces. Firstly, the positive aspects of ICT in the workplace are recognised in a growing body of evidence. These include: increased productivity, reinforced global communication, reduced turnover intentions, increased commitment to organisation, and a decrease in occupations that require manual labour work [63, 64] . Increased flexibility has allowed the working force to work from home and provides new possibilities for long distance work [65] . Some evidence indicates an association between ICT and a stronger social capital, leading to greater job satisfaction [64] . In addition, ICT has a positive contribution on the educational system in terms of innovation for teaching and learning [66] . Research from The Work Foundation [67] found that 74% of their respondents agreed that technology makes it easier for them to do their job well; however, 13% of the employees felt it made work more complicated. Results indicated that new ICT in the workplace is associated with having a culture of mutual trust and loyalty, and is connected to greater trust between colleagues. This suggests that ICT can enforce a stronger working relationship and thereby reduce stress.
Results on the association of ICT use with burnout, exhaustion, and depression showed a concordant picture. Most studies (5 out of 9 articles) have used MBI [21, 30, 40, 47, 49] . Not only most cross-sectional studies (5 out of 9:21,30,47-49), but also the intervention study [40] , found a positive association between ICT use and these outcomes. When the presentation of results is limited to studies using MBI, studies not showing an association are deleted. Because MBI is well accepted and quite often used in occupational settings, [12, 14] , the evidence of the discovered effect of technostress on burnout is confirmed. A causal explanation for this stringent finding can be seen in the systematic review of burnout. The authors concluded that high job demand and prolonged response to interpersonal stressors create burnout in the long run [14] . Not only ICT use, but also multi-tasking, disturbance of working routines, and overexposure of information [4] are potential chronic stressors.
Inconsistent results are present with regard to ICT use, along with computer anxiety and mental health. For
Conclusion
ICT contributes to positive and negative aspects in relation to burnout and stress. As far as the current knowledge states, ICT use may not be the most important stress creator in occupational settings [68] , but technostress can easily be avoided. The best way to prevent technostress is to secure the workplace organisational culture and provide support when implementing new technology. Negative attitudes should be avoided and support from management and colleagues is important, as well as the possibility of further qualifications [69] . Specific awareness of the middle-aged group should be made to better support their work-life balance.
Future cohort studies with careful data collection and lengthier follow-up are missing. Furthermore, the exposure assessment of ICT use needs to be developed, which needs to be used concordantly in different studies. Different ICT tasks facilitating or inhibiting stress-free work, and the ICT attitude of employees and the leadership need to be considered as potential exposures. Future research should additionally consider different types of ICT activity and different types of profession. The simple problem of desktop ICT work is less important nowadays, yet more perspective is required on permeating the availability at work, such as work-related smartphone or tablet use in private, and one's online presence for the majority of the day. Although such circumstances may create stress, they may also facilitate creative solutions, such as a home office and other systems that can also be used to reduce stress.
